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(54) POWER SUPPLY FOR MULTIELECTRODE DISCHARGE 

(57) Disclosed is a new ac electric discharging 
power supply which is capable of permitting electric dis- 
charge to appear without difficulty even in the atmos- 
phere of reduced gas pressure or even though 
undesired dielectric material should be accidentally 
adhered to the electrode surface, and in which power 
supply the plasma parameters vary hardly with time. 

The signal from master oscillator (1) is divided into 
a plurality of divisions by power divider (2). and each 
power division is controlled in phase and amplitude by 
phase-shifters (3) and power amplifiers (4). Oscillating 
frequency, phase and amplitude are controlled coordi- 
nate^ by control (7), and the final voltages appearing at 
the output terminals of power amplifiers (5) are applied 
to electrodes 6. which are arranged in an electric dis- 
charging vessel. 

One output terminals of all power transformers (5) 
are connected in common, ordinarily in floating condi- 
tion, thereby permitting electric discharges to appear 
between selected electrodes (6). 

The phases and amplitudes of different voltages 
applied to electrodes (6) may be controlled to be same 
or appropriate for a particular application. Also, the 
shape and arrangement of electrodes (6) may be so 
selected as to be most appropriate for a particular appli- 
cation. 


FIG. 1 
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phase controlling means for controlling the divi- 
sional power quantities in phase; 
a plurality of electrodes arranged in an electric dis- 
charging vessel; and 

power feeding order setting means fcr setting the 5 
order in which the electrodes are fed with electric 
power, 

whereby a high-density plasma is produced in the 
space delimited by the surrounding electrodes by 
feeding the electrodes with phase-and-amplitude to 
controlled power in a predetermined order. 

The electric discharging power supply can supply 
the electrodes with phase-controlled power in the order 
set as desired. 75 

Then, voltage is amplified and applied to selected 
electrodes to cause appearance of electric discharges 
therebetween in such a way that inter-electrode electric 
discharges may be present all the time without intermis- 
sion on the whole. 2 o 

Brief Description of Drawings; 

Fig.l illustrates the structure of a multi- electrode 
type of electric discharging power supply according 25 
to the present invention; 

Fig. 2 is a simplified schematic view of the electric 
discharging power supply; 

Fig. 3 shows electric discharging characteristics in 
the electric discharging power supply; 30 
Fig. 4 shows how the plasma density varies for dif- 
ferent numbers of phase controlling divisions; 
Fig. 5 is a schematic view of an electric discharging 
power supply using a personal computer and an 
associated D/A converter; 35 
Fig. 6 is a schematic view of an electric discharging 
power supply using a plurality of switching circuits; 
Fig. 7 is a schematic view of an electric discharging 
power supply using a plurality of inverters; 
Fig. 8 is a schematic view of an electric discharging 40 
power supply using a six-passe alternating current; 
Fig. 9 is a schematic view of electrodes arranged in 
circle; 

Fig. 10 is a schematic view of electrodes parallel- 
arranged in line; 45 
Fig. 11 is a schematic view of an electric discharg- 
ing power supply having electrodes arranged 
around a cooling cylindrical roll; 
Fig. 12 is a schematic view of an electric discharg- 
ing power supply having electrodes arranged in so 
line; 

Fig. 13 is a schematic view of parallel arrangement 
of electrodes of different materials; 
Fig. 14 is a schematic view of a magnetron sputter- 
ing device; 55 
Fig. 15 is a perspective view of the magnetron sput- 
tering device; 

Figs. 16a and 16b show the electrode structure of a 


coaxial, cylindrical type of ozonizer; 

Fig. 17 shows" how voltages applied to divisional 
electrodes vary with time; 

Fig. 13 shows how currents flowing in divisional 
electrodes vary with time; 

Fig. 19 shows an equation representing the summa- 
tion of electric currents flowing in the outer cylindri- 
cal electrode; 

Figs.20 to 25 show some examples of electrodes 
for use in a coaxial, cylindrical type of ozonizer; and 
Figs.25 to 28 show some examples of electrodes 
for use in a flat type of ozonizer. 

Best Mode of Carrying out the Invention; 

Some preferred embodiments of the present inven- 
tion are decribed below with reference to the drawings. 

Referring particularly to Fig.1, a phase-controlled, 
multi-electrode type of ac electric discharging power 
supply according to one embodiment of the present 
invention is constructed as follows; a master oscillator 1 
is connected to a power division unit 2, which is, in turn, 
connected to a plurality of phase-shift units 3; each 
phase-shift unit 3 is connected to each of the electrodes 
6 of an electric discharging vessel via an associated 
power amplifier 4 and tranformer 5; and a control 7 is 
connected to the master oscillator 1. the phase-shift 
units 3 and the power amplifiers 4 to control these mem- 
bers. 

In operation of the so constructed power supply the 
signal from the master oscillator 1 is divided into a plu- 
rality of divisional signals by the power division unit 2. 
and each divisional signal is controlled in phase and 
amplitude by the associated phase-shift unit 3 and 
power amplifier 4. The oscillation frequency, phases 
and amplitudes are controlled coordinated by the con- 
trol 7. and the final outputs are directed from the trans- 
formers 5 to the electrodes 6 respectively. 

The transformers 5 have one output terminals con- 
nected in common, ordinarily in floating condition, and 
electric charges are allowed to appear between 
selected electrodes 6. 

The common connection, however, can Be con- "* 
nected to the ground or to the vessel when occasions 
demand. Then, electric discharges are allowed to 
appear between selected electrodes 6 and the vessel 
wall. 

The phases and amplitudes of voltages applied to 
the electrodes 6 can be controlled to be most appropri- 
ate for the purpose, and all phases and amplitudes of 
voltages can be same to meet a particular demand. The 
electrode shape and arrangement can be determined to 
be most appropriate for particular applications. 

Positive electric current will flow in one or more 
electrodes to which the highest or same voltages are 
applied, thereby causing one or more electric -dis- 
charges to appear while negative electric currents flow 
in the other electrodes. Thus, electric discharging cur- 
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An output transformer 14 follows each of the power 
amplifiers 13 for the purpose of making the associated 
electrode to float from the ground in the sense of direct 
current. 

In the so constructed electric discharge power sup- 5 
ply the personal computer 10 provides phase-controlled 
digital signals, and the multi-channel D/A converter 1 1 
converts such phase-controlled digital signals to ac 
analogue signals, which are outputted in channels 1 to - 
' n to 

Then, the buffer amplifiers 12 function to prevent 
any interference between the signal-generating side 
and the signal-feeding side, and the ac analogue sig- 
nals are amplified by the power amplifiers 13 to provide 
electric power large enough to cause electric dis- ts 
charges to appear on the electrodes. 

The output transformers 14 function to effect 
impedance-matching between the output impedance of. 
the power supply and the load impedance in the form of 
electric discharge, and at the same time, isolating the 20 
common return path on the electric discharging side 
from the ground potential, which common return path, 
however, can be grounded when occasions demand. 

Again referring to Fig.l. the master oscillator 1 can 
have signals of zero frequency, that is. dc signals 25 
appearing at its output terminal. 

In this particular case the dc signal is directed to 
associated switching devices which are capable of con- 
trolling signals in phase by on-and-off switching action, 
and the discharging voltage pulses thus produced are 30 
directed to the electrodes via associated pulse power 
amplifiers. 

Fig. 6 shows an electric discharge power supply 
using a plurality of switching circuits to provide a set of 
phase-controlled discharging voltage pulses. 35 

As shown, a plurality of high voltage resistant 
switching circuits 1 6 are connected to a dc power supply 
15. and each of the switching circuits 16 is connected to 
a pulse power amplifier 17. which is. in turn, connected 
to a pulse transformer 18. 40 

The switching circuits 16 and pulse power amplifi- 
ers 1 7 are connected to a control 1 9. 

The common return path on the output side of each 
pulse transformer 18 is grounded, but it may be put in 
floating condition when occasions demand. 45 

In the so constructed electric discharge power sup- 
ply the dc voltage appearing at the output terminal of 
the dc power supply 15 is converted into low-frequency 
rectangular waveforms by the switching circuits 16. and 
then these rectangular voltages are amplified by the so 
pulse power amplifiers 17. 

The control 19 attains a required coordinate control 
of oscillation frequency, phase and amplitude. 

The voltages appearing at the output terminals of 
the switching circuits 16 are directed to the divisional 55 
electrodes via the pulse power amplifiers 1 7 and pulse 
transformers 18. 

Fig. 7 shows another example of electric discharg- 


ing power supply using a plurality of inverters to provide 
a set of phase-controlled voltage pulses. 

As shown, a plurality of unit inverters 22 each com- 
prising a power transistor or a gate-turnoff thyristor ar« 
connected to a single or three-phase ac voltage source 
20 via a rectifier 21 . and each of the unit inverters 22 is 
connected to a low-frequency transformer 23. The unit 
inverters 22 are connected to an oscillation passe con- 
trol 24. 

The common return path on the output side of each 
low-frequency transformer 23 is grounded, but it may be 
put in floating condition when occasions demand. 

In the so constructed electric discharge power sup- 
ply the single or three-phase ac voltage appearing at 
the output terminal of the ac voltage source 20 is con- 
verted into dc voltage by the rectifier 2 1 . and then trie dc 
voltage is converted to low-frequency, rectified wave- 
forms by the unit inverters 22. Then, the oscillation 
phase control 24 directs control signals to the unit 
inverters 22 for effecting required control in frequency 
and phase. 

The unit inverters 22 feed output voltages to the 
divisional electrodes via the low-frequency transformers 

23. 

An electric discharging power supply may use a 
three-phase ac power supply and a plurality of commer- 
cial power transformers to provide phase -control led 
voltages. Fig.8 shows such an electric discharging 
power supply which is designed for three-phase ac volt- 
age to be inputted and for six-phase ac voltage to be 
outputted. 

In the electric discharging power supply the phase- 
controlling is evenly effected, and the value is fixed by 
the wiring of transformers. 

As shown, the electric discharging power supply 
uses three sets of paired transforners. S } -S 4 . S 5 -S 2 and 
S 3 -S 6 . The primary coils of each pair of transformers 
are parallel-connected to provide the ac input terminals 
U-V. V-W and W-U. and the secondary coils of each pair 
of transformers are series-connected to feed the elec- 
trodes with single-phase output voltages A, and A 4 ; A 5 
and A 2 ; and A 3 and which are opposite in phase. 

The single-phase ac voltages A t , A 5 a*nd A 3 
appearing at the output terminals of the transformers St 
S 5 and S 3 are 120 degrees out of phase from the sin- 
gle-phase ac voltages A 4 . A 2 and A$ appearing at the 
output terminals of the transformers S 4 S 2 and S 6 . 

The single-phase ac voltages A, to A 6 are related in 
phase as decribed above, and the electric discharge 
power supply provides single-phase voltages whose 
phases are 60 degrees apart from each other. 

These single-phase ac voltages A, to A$ are fed to 
the electrodes in the order of subsequent phases as fol- 
lows. 

Assume that the single phase ac voltage A, is 
applied to a selected electrode, and then the jingle 
phase ac voltage A 2 whose phase is 60 degrees behind 
is applied to the next electrode clockwise (or counter- 
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a'ectric discharge b/ ,he heat generated by 

•^^Z£l?* n * may be fed ^ 

preceeding elect C S , ^ Pr0duced «V »»• 
the following eSin w ! 96 fr ° m bein 9 desfr oyi by 
--cyw^h^ 
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The ac voltage applied to each divisional "tectmc* 
tor producing ozone i s sinusoida| a{ , com ^^ ^ 

Tat: c i (5 l Hz or 60 Hz) - and a of £ « vo e : 

ages are 30 degrees apart from each o.heMn phase 

is shifts tn , h k 9r ° Unded c y |indri cal electrode 36 " 
hJ ^1 LA subsequent divis.ona. electrode 35 and 
the grounded cylindrical electrode 36 after i 7 or 14 
^l,seconds (i/ 12 period), and this is repeated 2. ve 

pTnod 9 PU ' Se CUrrem 10 ^ «S °ne „ 

Figs. 17 and 18 show how voltaqes aooiipH tn m« 

:rsr d6s 35 and — - -s^s: 

F.gs l8(1). i 8(2 ) and 18(3) show the e.ecl brents 
S ' n ,irSt " SeC ° nd and ,nird division C a re?2 . 

is 1 2 T t,mIf a U 7 nCe rate 3t Which pu,se Curren < appears 20 
•s 1 2 times as large as the frequency of applied voltaL 
•hat is. 600 H 2 or 720 Hz. and the total cu^S 
n the grounded outer cy.indrical electrode is given by 
the equation ,n Fig. 19. Assuming that there appears 

z ped r e be,ween each 25 

trade 35 and the outer cylindrical electrode 36 that is 

resistance, the total current I, is zero 

Hitherto, sinusoidal voltages of commercial frs 
quency have been a PP ,ied to to al. dMriSJSS odes 30 
-n same phase in a conventional electric disoha^ng 

MfStST electric dischar9es to -pSK 

In the coaxial cylindrical type of ozonizer ac hiah- 
voltages which are 30* apart from each other in onSe » 
are appi,* to the twelve electrodes, thus increasing^ 
density of d.scharging current by twelve and accord 
-ngly.ncreasing the ozone-yielding rate 

Positive and negative electric charqes are distrih 
uted simultaneously over the surface oUhe g JTe 40 

char a l e T S H m0Ve e3Si,y t0 meet P° si ^ e'ectrfc 
charges, thereby neutralizing the dielectric tube The 
electric charge distribution moves in the direction in 

electrode, thereby exped.t.ng the neutralization still ,5 

th- J h ', S ^ aS eHeCt ° f su PP re ssing the charging of 
the dielectric tube surface, which charging causes tZ 
electric discharge ,0 disappear, thereby exte^ £ 
dulation of pulse discharging. 9 

As the dulation of pulse discharging is extended * 
he dormant interval of pu.se discharging 9 is shorten^' 
thus causing e.ectric discharges to appear evenTy 

For same amount of power consumption the 
increasing of discharging current will leaS to the « 
decreasing of app.ied voltage, thus reducing the oossi 

down, according extending the life of the die.ecfric 
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tube. 


New. the manner in which electrodes =nw 
ated parts are arranged in the coaxia, Sirica. 
ozon.zer is described. mancal ty pe of 

in order to increase the capacity of ;h= coaxial r„i 
dnca. type of ozonizer e.ectrode structure as d Zt • 
below may be so combined in a singS unJ al 2 I** 
parallel. 9 11 as 10 w ork in 

trodeslJT 9 (0 K Fi9 ' 2a 3 Plura,ity of divisi °"a. elec 
Referring to Fig.2 1 . a small-sized, high-density ozo 

d^inTsi p Jr? ,y of divisionai e,ec{rod - 3 " -S- 

ded in its d.electnc annular wall and the ozonizer has 
inner and outer cylindrical electrodes 37 and 36 tn 
sandwich the dielectric tube therebetween 

An ac high-voltage is applied to a selected divi 
siona. e.ectrode 35 to cause e.ectric dtchame to 
appear between the grounded inner e.ectrie ^ and 
the ^visional e.ectrode 35 and between the ground 
outer electrode 36 and the divisional e.ectrode 35 

Necessary cooling is effected both on the outside of 
the outer e.ectrode 36 and the inside of the inner e.ec 

Referring to Fig.22. each divisional electrode 35 is 
erased by a die.ectrid materia, 34 to provideTstende 
tube contammg an electrode. This slender tube-like 

:SeSrc2: the formins and a — * « ~ 

Referring to Fig.23. circular arrangement of pencil- 
Oke divis.onal electrodes of Fig.22 are encircled by outer 
a^inner cylindrical electrodes 36 and 37 as is in 

36 ,0 R ' 9 24 - ,he ° uter cylindrical electrode 

,nn a | . d ' electnc linin 9 34 on its inner wall whereas the 
inner cy ndnca. e.ectrode 37 has a dielectric covering 
34 on its outer wall. Divisional electrodes 35 are 
arranged on the circumference of the dielectric covering 
34 of the .nner cylindrical electrode 37. This arrange 

Scdis d h an,a9e ° US t0 su P er P° s *ion of streamer 
electric discharges on creeping electric discharges. The 

Z. 7L T, C d ' SChar9e ^ars between the sur- 
face of the dielectric lining 34 of the grounded outer 

t^TslT^* 36 3nd thS e ^ed 9 divisiona, *~ 
ITJ > h '9 n -P°»ant ( al. On the other hand, the creep- 
ing electric d.scharge appears between the dielectric 
17^1 f. <he aroundeci in °er cylindrical electrode 
37 and the divisional electrode 35 of high-potential 

Necessary cooling is effected both on the outside of 
the outer cylindrical electrode 36 and the inside of the 
inner cylindrical electrode 37. 

Referring to Fig.25. divisional electrodes 35 are 
arranged on the dielectric lining 34 of the otter cylindri- 
cal electrode 36 contrary to Fig. 24. 

Next, some examples of flat plate type of ozonizere 
are described with reference to Fig.26 and subsequent 
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Cra w/ngs. 

herring to F(C _ - 

Referring , 0 F, gs . 27 ^ ^^^es 31. 
e °^7* «« Para»ef a (b) ' 9 " a 'P'a<e type of 

s;c '-' electrodes 35!!!, PP * ar be ^en select *■ • 
P' 5 ^ electrodes V, d Sach of '"e opp OS ifp? d ' v '" 

3 J pranged 0n eac^^of J*" 8 '' 0 " 8 ' e,e «™es 
-Pe^^^ 

3°; - ^ 

*5- On the other hand the 83 of hi 9h-potentia/ 

appear around selected df 8P ' n9 e,ect "c d.scharnf 
Potential between ?h d,v,s ' 0n a/ e/ectrodes ? 6S 
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^slb.tyoMnd.str^U^ation: 


to «he SpLt a e£^, C diSChar 9e the voltage aooB-H 
Potent/a, one " ^ cSf 

aS, eCtnc disc nar ges J °' *• P^ma caused by 

^en though the e/ecS ^ stab '« 
— a < a reduced P °- «W 

y ne resu '«ant plasma « 
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bivalent to the o„ Q 
«"ne. and electric h 5 asma 'actors va "* Ms 


1. 


« compr.ses: 5Up P' v characterized in tha 

electric power d/virtin 

Phase controlling mean .. 

electnc power. e 'ectrodes are fed with 

trodes by feeding th , e ,l 8 f" rroundi "9 e/ec- 
™ned order. ^ h a predeter- 
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FIG. 2 
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FIG. 9 
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FIG. 11 
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FIG. 13 
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FIG. 14 



18 



JNSCOCIO: <6P 0831679AI> 


19 


EP 0 831 679 A1 



.) voltage 


FIG. 18 


pulse current 


T_: 



( 1 ) 


3 l -Hi,,/ 


or 

CZ) | 
I 

of 


r 

(b) curreat 


-t It 


dischirgiag curre 


FIG. 19 


i-t 


20 


SOOCIO: <£ P 083 1 6 79 A ! > 


EP 0 831 679 A1 

FIG. 2 0 



EP 0 831 679 A1 


FIG. 2 3 
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FIG. 2 6 
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